. Once someone reads carefully the article and supporting data, it becomes clear that the data by no means support the claim that arsenic substitutes phosphorus in DNA of a bacterial strain obtained by the authors 2 .
Therefore, a priori skepticism with respect of the claim 1 about fluctuational formation of HG pairs is very much justified. But, in sharp contrast with the "arsenic life" paper 2 , careful reading of the HG paper convinces that the claim by Nikolova et al. is based on a very solid ground. They used a new technique, based on carbon NMR, while normally proton NMR is used to study DNA structure and dynamics. As positive controls, they studied chemically modifies bases, that cannot form WC pairs but can form HG pairs, and showed that they produce NMR signals similar to the signals they assign to HG pairs. Since formation of the HG pair GC+ requires protonation, one must expect their formation to be strongly pHdependent, which was indeed the case.
By itself, the HG pairing is nothing new in the field of DNA biophysics. They are very well known since early 1960s when they were discovered by Hoogsteen in crystals formed by DNA bases (see Fig. 1A ). They play crucial role in triplexes, both inter-and intramolecular, since bases of the third strand of the triplex, which lies in the major groove of the duplex, form Hoogsteen pairs with purines of the duplex (reviewed in 3 ). They also play an important role in sequence-specific targeting duplex DNA with PNA 4 and they have been found to be formed in complexes of duplex DNA with some proteins 5 . However, the spontaneous formation of HG pairs within regular B-DNA under normal conditions would seem highly unlikely due to several reasons: , purines in a fluctuationally formed HG pair must be in the syn conformation. However, this makes the HG pair formation additionally unfavorable. 3. The HG pair between guanine and cytosine can be formed only if cytosine is protonated in the N3 position (Fig. 1A ). Since pK for protonation of free cytosine is 4.2, at neutral pH the formation of the HG pair GC+ must be very unfavorable.
It is pretty amazing that in spite of these negative factors, the probability of HG pair formation in DNA is found to be as high as 10
, which corresponds to the G value between HG and WC pairs of less than 3 kcal/mol. Of course, the most important interactions stabilizing the DNA duplex, stacking interactions, can be restored when WC pair flips into HG pair, which probably explains its stability (see Fig. 1B ). The fact that the DNA structure cannot be rigid and must experience considerable thermal fluctuations has been appreciated for decades. It has been a mainstream view that the accumulation of small bending fluctuations leads to the observed persistence length of DNA, which behaves as a worm-like chain. Similarly, the accumulation of small torsional fluctuations determines many properties of circular DNA molecules. It has also been suggested that the double helix experiences rarer but much larger fluctuations, dubbed "breathings". Such breathings or fluctuational openings of the DNA duplex were invoked to explain chemical modification of the groups in DNA buried inside the duplex and therefore inaccessible when DNA is in the duplex form. Exchange of imino hydrogens in thymine and guanine was the most extensively studied process of this sort. Another phenomenon, which played an important role in elucidating DNA breathing, was the DNA reaction with formaldehyde. Here we mean not DNA crosslinking by formaldehyde, which is an important but very rare event, but formaldehyde's chemical modification of amino and imino groups of DNA bases eventually leading to separation of DNA strands, or DNA unwinding.
Originally, the data on hydrogen exchange were interpreted as yielding the probability of base pair openings as high as 10 -2
. This figure was in a sharp disagreement with the estimate of 10 -5 followed from the formaldehyde data. In an obscure but influential publication made from behind the Iron Curtain back in 1985, I emphasized the controversy between the hydrogen exchange and the formaldehyde data and insisted that something was wrong with the interpretation of the hydrogen exchange data although I did not have any idea what exactly was wrong 6 . The conflict was resolved soon after my publication 6 by Gueron et al. who applied proton NMR to study hydrogen exchange in DNA 7 . The authors convincingly showed that the NMR data on hydrogen exchange yielded the opening probability of 10 -5 . But what was wrong with the previous hydrogen exchange data? Gueron et al. discovered that in a disrupted base pair one base catalyzes the imino group hydrogen exchange in the other, complementary base! This catalysis highly increases the rate of hydrogen exchange, which leads to a gross overestimation of the DNA opening probability if the catalysis is neglected. In my News and Views comments 8 to the Gueron et al. This picture of DNA breathing has been fully confirmed during past years in numerous experimental and theoretical studies (see 9 and references therein).
Now we have learned that in addition to the deep breath, or full base-pair opening, there happens a smaller but much more probable "Hoogsteen breath". But why has not it been detected by proton NMR? In case of AT pairs the answer is obvious. Indeed, the thymine imino proton participates in hydrogen bonding in both, WC and HG pairs, and therefore is unavailable for exchange in both cases. The situation with GC pairs is much less obvious. The guanine imino proton does not participate in hydrogen bonding in the HG GC+ pair and must be available for exchange. But it is true only for alkaline pH, where HG GC+ pairs are not formed anyway because of the requirement for cytosine protonation. At neutral and acidic pH the guanine imino proton exchange is known to be a very complicated process. It goes via protonation at N7 position of guanine and experiences enormous catalysis from the complementary cytosine 10 . The fact that the N7 position is blocked for protonation by HG hydrogen bonding can prevent the normal rout of exchange at neutral and acidic pH. So most probably the Hoogsteen breathing could not be detected by proton NMR.
Could Hoogsteen breathing manifest itself in any other ways, rather than in carbon NMR experiments? Now DNA biophysicists have to carefully look at the possible consequences of the new mode of the double helix breathing and check whether the transient formation of HG pairs can result in new effects, which could not be expected before. For instance, if incorporation of a HG pair into B-DNA results in formation of a hinge, significantly more flexible than regular B-DNA, one can try to detect a pH dependence of the DNA persistence length at neutral and acidic pH range. Of course, the effect must be very small and its detection requires extremely accurate measurements of the DNA persistence length, but such measurements are currently possible.
How important is the discovery of Hoogsteen breathing? In my opinion, it is hugely important. The elucidation of the exact nature of fluctuations in the DNA double helix is crucial for understanding how exactly DNA is damaged by various chemicals, what is the mechanism of DNA binding with various drugs and proteins working on the level of the DNA double helix. There is no doubt in my mind that this exciting development will lead to new discoveries in the field of DNA biophysics and beyond. 
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